604498 


UNIVERSITY  Of  MINNESOTA 

IHSIIIUIE  OF  IFCHHOIOOV 

DEPARTMENT  Of  AERONAUTICAL  ENGINEERING 


Progress  Report  No  20 
THEORETICAL  PARACHUTE  INVESTIGATIONS 
Aeronautical  Systems  Division  Contract  No. 

AF  33{6i6)-8310;  Project  No  6o65;  Task  No  60252 

1  December  1961  to  28  February  1962 

Department  of  Aeronautics  and  Engineering 
Mechanics,  No  5007^. 

University  of  Minnesota 


CLEARINGHOUSE  FOR  FEDERAL  SCli...nFlC  AND  jT;.-MCAL  INFORMA  HON,  CFSH 
DOCUMENT  MANAGEMENT  BF  'H  -10.11 


LIMITATIONS  IN  REPRODUCHOI'J  QUALITY 


Accession 

^1. 

nj-i- 

£7^. 

CJ(>. 

CJ-’- 

nj%. 

CJ’>- 


We  regret  that  legibility  ’  i  document  is  in  part 

msatis factory.  Reproductii.  '  iias  been  made  from  best 
available  copy. 

A  portion  of  the  origin- 1  document  contains  fine  detail 
which  may  make  reading  ci  photocopy  difficult. 

The  original  document  contains  color,  but  distribution 
copies  ara  available  in  black-and-white  reproduction  only. 

Pie  initial  distribution  copies  contain  color  which 
will  be  shown  in  black-and-white  when  it  is  necessary  to 
reprint. 

Limited  supply  on  hand;  when  exhausted,  document  will 
oe  available  in  Microfiche  only. 

Limited  supply  on  hand;  when  exhausted  document  will  not 
be  available. 

Document  is  availnhle  in  Microfiche  only. 

Document  available  on  loan  from  CISTI  (TT  documents  only). 


Processor; 


NBS 


9/64 


00 

Oi 

O 


rwTiz 


HMD  COPY 
MICROFICHE 


I* 

I-  <?  7^ 


■  ^ 

Progress  Report  No  20  *//■" 

IWEORBTICAL  PARACHUTE  INVESTIGATIONS 


\ 


Aeronautical  Systems  Division  Contract  No. 

AP  33(616) -8310;  Project  No  6065;  Task  No  60252 

1  December  196I  to  28  February  1962 

Department  of  Aeronautics  and  Engineering 
Mechanics,  No  5007  . 

University  of  Minnesota 


Dr.  K.  G.  Heinrich,  Professor,  Department  of  Aeronautics  and 
Engineering  Mechanics 

Dr.  T.  Rlabokin,  Research  Associate,  Department  of  Aeronautics 
and  Engineering  Mechanics 

Prof.  S.  K.  Ibrahim,  Research  Fellow,  Department  of  Aeronautics 
and  Engineering  Mechanics 

Mr.  E.  L.  Haak,  Senior  Engineer,  Department  of  Aeronautics  and 
Engineering  Mechanics 

Mr.  R.  J.  Nlccum,  Senior  Engineer,  Department  of  Aeronautics 
and  Engineering  Mechanics  Q  Q 

and  graduate  and  undergraduate  students  of|^4^ 

Aeronautics  and  Engineering  Mechanics  (seel  fU4nW!MRCi(ll 


rinsjiLir  \i  isi 

DOC-IRA  E 


62-05-50^2> 


TABIB  OP  CONTENTS 


Pi*o.1«ot  Wo 
1 


Page 


Investigation  of  Wake  Effects  on  the  Behavior 
of  Parachutes  and  Other  Retardation  Devices 
l^hlnd  large  Bodies  at  Subsonic  and  Supersonic 
Speeds  . 


a) 


Width  of  Wake  Behind  Basic  Bodies  of 
Revolution  In  Subsonic  Flov 


2 


b)  Analytical  Analysis  of  Turbulent-Wake-ln 
Supersonic  Plow 

Investigation  of  Basic  Stability  Parameters  of 
Conventional  Parachutes  .  . 


20 


a)  Experimental  Determination  of  the  Apparent 
Moment  of  Inertia  of  Parachute 

Shapes 

b)  Wind  Tunnel  Investigation  of  Parachute  Models 

theoretical  ^tudy  of  Supersonic  ..Parachute 
Phenomena  . 

a)  Supersonic  Wind  Tunnel  Studies  of 
Flexible  Spiked  Parachute 

b)  Pressure  Distribution  Studies  on  Spiked 
Parachute  In  Supersonic  Plow 

c)  Supersonic  Wind  Tunnel  Studies  of  Spiked 
Ribbon  Paraohutea 

Theoretical  Analysis  of  the  Dynamics  of  the 
Opening  Parachute  .  .  . 


29 


42 


a)  Analytical  Investigation  of  Parachute 
Inflation  Time  and  Opening  Force 

b)  Slze>^ree  History  of  an  Inflating  Parachute 

c)  Drag  Studies  on  Reefed  Parachutes 

Statistical  Analysis  of  ^traction  Time., 
Deployment  Time,  Opening  Time,  and  Drag 
Coefficient  for  Aerial  Delivery  Parachutes 
and  Systems . . 


43 


1 


.  iPro:yict~No  Page 

XC  Study  of  ^8lc  Principles  of  New  Parachutes 

and  Hetax^ation  Devices^  . . 44 

12  ^Sliding  /Aerodynamic  Decelerator. . 45 

j/j 

13  Effective  Porosity  Studies  .  54 

a )  Parachute  Clottia 

b) ^  fllbbon  Grid  Configurations 

14  Study  of  yiow, 'Patterns  of /fero^namlc 
Deoelerators  by  Means  of  the /Surface 

Mkve  Analogy  . . 62 

a)  -  Stationery  Wcnlel'itgter- Channel 
l6  Stress  Analysis  of  the  T-lO-^roop  Parachute^  ....  71 


11 


THEORETICAL  PARACHUTE  INVESTIGATIONS 
Progress  Report  No  20 


INTRODUCTION 

1,0  This  Is  the  twentieth  quarterly  report  covering  the 

time  from  1  December  196I  to  28  February  1962  on  the  study 
program  on  basic  Information  of  Aerodynamic  Deceleration. 

1,1  As  In  preceding  reporting  periods j  work  during  this 

reporting  period  has  been  pursued  In  accordance  with  the 
technical  program,  and  Is  described  In  the  following  sections 
of  this  report. 
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Project  No  1 


2»0  Inveatlgatlon  of  Wake  Bffecte  on  the  Behavior  of 

Parachutes  and  Other  Retardation  Devices  Behind 
Iiarge  Bodies  at  Subsonic  and  Supersonic  Speeds. 

2.1  Width  of  Wake  Behind  Basic  Bodies  of  Revolution  In 
Subsonic  Plow 

2.1.1  Introduction 

In  Ref  1,  the  velocity  and  pressure  distribution  In  the 
wake  and  the  width  of  the  wake  behind  a  fairly  streamlined  body 
of  revolution  were  investigated.  It  was  shown  that  the  agreement 
between  analytical  predictions  and  measured  results  varied  with 
the  location  of  the  Investigated  area,  which  led  to  the  conclusion 
that  theK  value  should  be  considered  as  a  function  of  the  dis¬ 
tance.  A  further  extension  of  these  studies  was  the  investigation 
of  the  wakes  of  bodies  with  widely  varying  drag  coefficients, 
with  the  general  objective  to  establish  the  relationship  between 
and  the  related  drag  coefficients  as  well  as  the  variation  of  ^ 
with  the  downstream  distance. 

The  present  effort  in  this  field  is  the  establishment 
of  the  width  of  the  wake  as  a  function  of  X/D  using  the  experi¬ 
mental  data  presented  in  Progress  Report  No  17.  It  was  postulated 
that  this  functional  dependence  of  wake  width  could  be  presented 
in  the  form 


wher«  b  •>  radial  width  of  wake 

R  ■  radius  of  primary  body  -  D/2 
n,  k  ■  constants 

X  >  distance  behind  body. 
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Equation  (l.l)  hai  the  form 

log  y  •  log  k  -t-  n  log  x, 

which  plots  as  a  straight  line  on  log-log  coordinate  paper,  with 
the  slope  n  and  intercept  k  easily  determined. 

2.1.g  Calculations 

The  experimental  data  for  the  models  shown  In  Fig  1-1 
was  presented  in  Progress  Report  No  17  as  a  pressure  coefficient, 

Cp,  versus  X/D,  from  which  the  velocity  ratio  was  extracted  and 
is  presented  in  Pigs  1-2  through  1-11  of  this  report.  The  experi¬ 
mental  width  of  the  wake  was  then  defined  as  that  point  where 
the  velocity  defect  is  10  percent  of  the  velocity  defect  at  the 
centerline;  i.e.,  (V^  -  V^)/(V^  -  Vq^)  “  0.10.  Table  1-1  shows 
the  numerical  values  and  Pig  1-12  is  a  graphical  presentation  of 
the  wake  width  so  determined  for  the  ten  bodies. 

It  can  be  seen  that  the  experimental  data  are  merely 
approximately  distributed  along  a  straight  line,  which  had  to  be 
expected.  However,  if  one  assumes  straight  lines  for  each  curve 
of  Pig  1-12,  one  obtains  an  approximate  representation  of  wake 
width  for  all  models  over  the  X/D  range  from  2  to  20.  This  has 
been  done,  and  the  constants  k  and  n  so  determined  are  presented 
In  Table  1-2.  Using  these  constants,  the  empirical  wake  width 
was  calculated,  and  Is  presented  In  Pigs  1-2  through  1-11,  together 
with  the  velocity  distributions,  on  the  upper  half  of  each  graph. 

It  should  be  noted  that  these  graphs  are  scaled  to  be  geometrically 
accurate. 

In  problems  of  aerodynamic  retardation,  the  region  from 
X/D  -  3  to  X/)  «  8  Is  of  particular  Interest.  Therefore,  the  con¬ 
stants  of  the  empirical  wake  width  have  been  recalculated  In  an 
attempt  to  obtain  a  better  agreement  with  experiment  In  this  region. 
The  constants  k  and  n  so  determined  are  also  presented  In  Table  1-2, 
and  this  empirical  wake  width  Is  superimposed  on  the  lower  half  of 
Pigs  1-2  through  1-11.  We  see  that  quite  accurate  representations 
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are  obtained.  A  further  exploitation  of  these  findings  will  be 
attempted  during  the  next  reporting  period. 

2.2  Analytical  Analysis  of  Turbulent  Wake  in  Supersonic 

Plow 

2.2.1  Introduction 

A  set  of  linearized  partial  differential  equations  des* 
cribing  the  velocity,  pressure,  temperature,  and  density  fields 
in  the  wake  of  an  axially  symmetric  body  was  derived  eund  presented 
in  Bqns  (l.lc),  (l.2c),  (l.2d),  and  (l.6c)  of  Px*ogz*ess  Report 
No  19 4  An  error  in  printing  was  made  in  Bqn  (l.2c}.  The  first 
term  on  the  right  hand  side  should  be 

During  this  reporting  period,  an  attempt  was  made  to 
solve  this  set  of  equations.  The  results  are  presented  in  the 
following  paragraphs.  Symbols  are  as  defined  in  Progress  Report 
No  19. 

2.2.2  Assumptions 

To  solve  the  set  of  linear  differential  equations, 
several  assui^ptions  must  be  made  as  follows  t 

l)  The  pressure,  temperatuz*e ,  and  density  gradients 
in  the  axial  direction  are  negligible 


2)  !nie  shear  stress  in  the  radial  direction  Is 
negligible 

3)  The  shear  stress  in  the  axial  direction  la  given  by 
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where 


B  ■  experimental  constant 

f(x*)  ■  arbitrary  function  of  x*  representing  variation 

of  turbulent  viscosity  In  axial  direction 
(to  be  determined  experimentally) 
u*^  «  maximum  velocity  defect  (at  r*  a  o) . 

The  first  two  assxunptlons  are  usually  made  In  w£dce  analysis >  sind 
should  be  very  accurate  at  large  distances  downstream.  It  is 
difficult  to  Jiustlfy  the  third  assumption,  since  little  is  known 
about  the  turbulent  shear  stress  In  supersonic  wakes.  However, 
a  similar  form  of  the  expression  la  widely  used  In  Incompressible 
wake  analysis,  with  f(x*)  representing  the  local  width  of  the 
wake.  Therefore,  It  Is  hoped  that  Eqn  (1.2)  can  be  successfully 
employed  In  supersonic  wake  analysis. 

Using  these  assumptions,  the  set  of  differential 
equations  becomes : 

Continuity : 


lx*’'*'  ~ 


(1.3) 


X -momentum: 
Qu*  _ 


Bf  I 


r -momentum: 


<>x 

energy ; 


av^  _  p„  ap* 

~  ’  P-  * 


dT*  _ _ 

^x*  “  r*dft 


(1.5) 


(1.6) 


2.2.3  Solution  for  u* 

To  solve  Eqn  (1.4),  we  assume  a  solution  of  the  form 

u*  *  g(x*)e”^^^*^^*^,  (1.7) 
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W«  then  obtain  the  term 

I  I  -  4g(x»)h(x*)e-''(**)'-*|.2h(x*)-  l]  0.8) 

Also,  since  occurs  at  r*  -  0,  we  have 


uJjuj  -  g(x*). 

(1.9) 

Introducing  Eqns  (l.?)#  (1.8),  and  (I.9)  Into  Eqn  (1.4) 

,  we  obtain 

g*(x*)  +  4Bg^(x*)h(x*)f (x*)  « 

^(x*)h»(x*)  +  4Bg2(x*)h^(x*)f  (x*)^r*^^ 

(1  10) 

where  ()•  Indicates  differentiation  with  respect  to  x*. 

For  this  equation  to  be  satisfied  for  all  r*, 
must  be  identically  zero.  Then  we  have 

each  side 

g'(x*)  +  4Bg^(x*)h(x»)f(x*)  -  0, 

(1.11) 

g(x*)h»(x*)  +  4Bg^(x*)h^(x*)f (x*)  -  0, 

(1.12) 

Multiplying  Eqn  (l.ll)  by  h(x»)  and  substractlng  Eqn  (l.l2)  from 
the  result  yields 

g'(x*)h(x*)  -  g(x*)h'(x*)  -  0, 

(1.13) 

which  can  be  Integrated  to  give 

g(x*)  -Kj^h(x*), 

(1.14) 

where  is  a  constant  of  Integration.  Substituting  this 


6 


expression  into  Eqn  (l.ll)  gives 


-  -  4BK^f(x*)h3<x*),  (1.15) 

which  can  be  Integrated  to  give 

h(x*)  -  |^8BKjJf(x*)dx*  +  (l.l6) 

where  Kg  Is  a  constant  of  Integration. 

Equation  (l.7)  now  becomes 

\x*  -  K^h(x*)e"^^**^^*^  ,  (1.17) 

where  h(x*)  Is  given  by  Eqn  (l,l6). 

2.2.4  Solution  for  v* 

Subtracting  Eqn  (I.2)  from  Eqn  (1.4)  gives 

(r»v*),  (1.18) 

which  can  be  rewritten  as 

or,  after  Integration 

V»  .  -  .  (1.20) 

Substituting  the  expression  for  from  Eqn  (l,17)  gives 

V*  «  2BK^^f (x*)h3(x*)r*e"^^**^^*^,  (l.2l) 
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Substituting  ths  value  of  obtained  from  Eqn  (l.2l) 


Solution  for  p* 

Substltutln 
Into  Bqn  (1.3)  yields 

1^.  .  2.^ aBK^Se-**  <**>'*®r»[3f(x»)h®(x»)h'(x») 
4  h3(x*)f'(x*)  -  f(x*)h3(x*)h'(x<»)r*2]  , 
Integration  and  rearranging  gives 


(1.22) 


^2 
P* 


,  [3f(x»)h'(x*)  4  f(x*)h(x*)]e-‘'^**)'^*^  - 

-  f  (x*)h(x*)h' (x*)  [  h(x*)r*^  4  Ij  4 

4  o(x*),  (1.23) 


where  o(x*).  is  an  arbitrary  function  of  x*.  To  determine  this 
function,  use  the  fact 


11m  p*  -  0  , 

Proa  Bqn  (1.23)  we  see  that 


lijB  p4  •  c(x*), 
r^w 


Therefore  c(x*)  •  0.  Then  Bqn  (1.23)  becomes 

_  4BgKi3p.p,ah»(x.)fa(x.)^.hfa.)^.2  r 


(1.24) 


(1.25) 


r*2  ^ 


-  2 


)• 


(1.26) 
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2.2.6  Solution  for  T* 

Introduce  the  Prandtl  and  Reynolds  numbers  which  are 
defined  respectively  as 

Pj.  -  Re  -  ,  (1.27) 

where  Cp  *  specific  heat  of  fluid  at  constant  pressure 
d  ■  characteristic  dimension  of  body 
K  «  thermal  conductivity  of  fluid 
•  free  stream  velocity 
fj,  m  dynamic  viscosity  of  fluid. 


Then  Bqn  (1.6)  becomes 

H«Pr  d1*  .  afSl*  1  ST* 

(1.28) 

We  assume  a  solution  of  the  form 

T*  - 

(1.29) 

Then  Bqn  (1.26)  becomes 


If (x*)  +  4hi2(x*)j  (1.30) 

Since  this  must  be  satisfied  for  all  r*,  both  sides  of  the 
equation  must  be  identically  zero.  Then 


(1.31) 

h^'  (x*)  +  4hi^(x*)  -  0  , 

(1.32) 

Solving  Bqn  (l.32)  for  hj^(x*)  gives 

■’if**)  -[^  +  *3  Y\ 

(1.33) 
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iflMM  is  a  oonstant  of  integxmtlon*  Substituting  this 
sxprtsslon  into  Bqn  (l.3i)  And  solving  for  g^Cx*)  yields 


.  K^hjCx*), 

(1.34) 

ffhere  Is  a  constant  of  Integration. 

Substituting  Bqns  (l.33)  and 

(1.34)  Into  Bqn 

(1.29) 

yields  the  expression  for  the  temperature  field 

T*  - 

(1.35) 

where  hi(x*)  Is  given  by  Bqn  (l.33). 

2.2.7  Summary 

The  equations  describing  the 

flow  field  have 

been 

derived  and  arei 

u*  .  , 

(1.17) 

V*  -  2BKj^^f(x*)h3(x*)r*e“*'^*^ 

»)r*2 

1 

(1.21) 

p*  .  J 

h(x*)r*2  + 

-h(x*)r*2 

J 

(1.26) 

(1.35) 

Where  h(x*)  «  j^SBKjJf  (x*)dx*  ^2  j 

-  i 

1 

(1.16) 

hi(x»)  +  K3]  ^ 

(1.33) 

and  K2>  and  are  constants  of  Integration  to  be  deter* 
mined  by  experiment. 
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2.2.8  Proposed  Work 

During  the  next  reporting  period,  a  comparison  will  be 
Initiated  betWeen  the  above  theory  and  experiments,  and  the  con¬ 
stants  of  Integration  will  be  determined  for  various  bodies. 


RE?BR£NCBS 

1,  Heinrich,  H.  0,  and  Rlabokln,  T, :  Analytical  and  Experi¬ 
mental  Considerations  of  the  Velocity  Distribution  In  the 
Wake  of  a  Body  of  Revolution.  WADC  TR  60-257,  December  1959. 

2.  Schllchtlng,  H,i  Boundary  Layer  Theory.  McOraw-Hlll, 

New  York,  1955. 


11 


TABLE  1-1.  EXPERIMENTAL  WAKE  WIDTH 


MODEL 


§.2§.4§.6 


1-22 


1.70 

2.55 

3.50 

3.70 

4.00 

4.50 

6.00 

i 

6.30 

1.75 

2.25 

2.55 

2.90 

3.40 

4.00 

4.50 

5.00 

1.70 

2.30 

2.60 

2.80 

3.40 

3.80 

4.20 

4.80 

1.70 

2.15 

2.50 

2.60 

3.10 

3.80 

4.60 

5.00 

1.30 

1.85 

2.25 

2.50 

2.80 

2.90 

3.50 

4.20 

1.35 

1.75 

2.25 

2.25 

2.70 

2.90 

2.90 

3.40 

1.03 

1.20 

1.75 

1.95 

2.00 

2.00 

2.30 

2.50 

0.80 

0.98 

1.65 

1.55 

1.75 

1.85 

2.40 

2.80 

0.72 

0.85 

1.20 

1.40 

1.60 

1.90 

2.20 

2.30 

0.62 

0.90 

1.50 

1.75 

1.70 

1.70 

2.20 

2.50 

TABLE  1-2.  EMPIRICAL  WAKE  WIDTH  CONSTANTS 
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B  <] 
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1.33 
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0.393 

1.340 

0.577 

0.927 
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0.985 
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0.810 

0.376 

0.804 

0.206 

0.541 

0.522 

0.197 

0.493 

0.531 

0.504 

0.194 

0.565 

0.491 

0.571 
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0,353 
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0.440 
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FIG1-12.EXPERIMENTAL  WAKE  WIDTH  AS 
A  FUNCTION  OF  X/d 


Projeot  No  4 

^,0  Invatigfttion  of  Baalo  3t4billty  Parameters  of 

Oonvntional  ParaohutoB 

Experimental  Determination  of  the  Apparent  Moment 

of  Inertia  of  Parachutes 

Uuil  Introduction 

In  setting  up  the  dynamic  stability  equations  for  para* 
chutes «  it  is  necessary  to  consider  the  apparent  mass  and  the 
apparent  moment  of  inertia  of  the  parachute. 

Strictly  speaking,  the  moment  of  inertia  of  a  body 
applies  only  for  motion  in  a  vacuixm.  When  the  motion  takes  place 
in  a  fluid,  the  virtual  or  apparent  moment  of  inertia  must  be 
considered  in  order  to  account  for  the  inertia  of  the  fluid  mass 
affected  by  the  motion.  The  added  inertia  will  depend  on  the 
body  shape  and  motion  and  the  density  of  the  fluid. 

The  analytical  determination  of  the  apparent  mass  and 
apparent  moment  of  inertia  is  very  difficult  and  the  available 
theories  can  be  applied  only  to  simple  geometrical  shapes  such  as 
8phez*e8  and  ellipsoids.  For  shapes  of  practical  interest  such 
as  parachute  canopies,  it  is  necessary  at  present  to  resort  to 
experimentation  for  determining  the  apparent  mass  and  apparent 
moment  of  inertia. 

‘^■1.2  Literature  Survey 

In  order  to  determine  the  best  experimental  method  for 
Bieasuring  the  apparent  moment  of  inertia  of  parachute  canopy 
shapes,  an  extensive  literature  survey  was  made.  The  following 
brief  comments  deal  with  the  more  relevant  and  significant  refer¬ 
ences  surveyed. 

Reference  1  gave  a  detailed  analytical  treatment  for 
the  case  of  solid,  symmetric  bodies  revolving  in  a  fluid  and 
presented  values  of  the  inertia  coefficients  "k"  enabling  the 
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oaloulation  of  tha  apparent  additional  masses  and  the  apparent 
additional  moments  of  Inertia  for  various  ellipsoids.  The 
shapes  analyzed  are  not  of  specific  Interest  for  parachute  work, 
but  the  data  presented  may  be  of  value  for  a  comparison  with 
experimentally  obtained  results  or  a  check  on  experimental 
technique. 

References  2  and  3  dealt  with  the  experimental  deter- 
mlnatlon  of  the  m^sents  of  Inertia  of  airplanes  and  suggested  a 
somewhat  similar  arrangement  for  rigid  parachute  models.  Prelim¬ 
inary  tests  with  this  arrangement  proved  Impractical  as  mentioned 
below.  References  4  and  3  described  methods  for  the  experimental 
determination  of  the  added  mass  and  added  mass  moment  of  inertia 
of  a  ship  model.  It  was  found  In  Reference  3>  for  example,  that 
the  added  mass  and  metss  moment  of  Inertia  for  heaving  and  pitch¬ 
ing  were  of  the  same  order  of  magnitude  as  those  of  the  ship 
Itself.  It  may  be  mentioned  that  while  the  motions  of'  a  ship 
model  differ  from  those  of  a  parachute,  the  underlying  theory  and 
experimental  techniques  have  many  features  In  common. 

Reference  6  presented  a  simple  experimental  arrangement 
for  determining  the  virtual  mass  and  moments  of  Inertia  of  discs 
and  cylinders.  In  view  of  Its  relative  simplicity  and  adaptability, 
it  was  decided  to  use  a  very  similar  experimental  arrangement  for 
our  purpose)  the  underlying  theory  of  the  method  is  given  below. 

References  7  and  8  use  the  same  basic  principle  to 
determine  the  added  masses  for  lenses,  parallel  plates,  spheres, 
and  cubes.  Reference  9  treats  the  problem  of  the  virtual  mass 
of  two-dimensional  shapes  and  gives  a  coordinated  theoretical 
and  experimental  investigation  of  clusters  of  parallel  circular 
cylinders.  In  a  specific  example  given,  the  theory  was  confirmed 
to  within  an  experimental  error  of  +  65^, 

3.1.3  Experimental  Arrangements 

As  indicated  above,  a  simple  experimental  arrangement 
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suggested  by  References  2  and  3  was  first  tried.  It  consisted 
essentially  of  a  bl -filar  torsion  pendulum  to  which  is  attached 
the  model  under  test.  By  measuring  the  period  of  oscillation  In 
air  and  In  a  vacuum  and  allowing  for  the  characteristics  of  the 
suspension  system,  the  apparent  moment  of  Inertia  of  the  model  under 
test  could  be  calculated.  However,  preliminary  tests  with  a 
hemispherical  cup  oscillating  In  still  air  and  In  the  test  section 
of  the  low  density  wind  tvmnel  with  no  flow  gave  very  little  change 
In  the  period  of  oscillation.  It  was  concluded  that  unfavorable 
experimental  facts  such  as  limited  model  size,  unavoidable  fric¬ 
tional  losses  In  the  suspension  system,  slight  unsymmetries  In 
the  mod<  ^  and  mounting,  etc.,  made  this  particular  arrangement 
Impractical . 

Another  experimental  arrangement  based  on  that  of 
Reference  6  was  set  up,  and  preliminary  tests  Indicated  Its 
suitability.  It  consists  of  a  specially  designed  test  frame 
Incorpo?'  tin  i  simple  torsion  pendulum,  adjustable  mounting  arms 
for  the  models  and  the  necessary  apparatus  for  sensing,  recording, 
and  timing  tlie  oscillations.  Figure  4-1  Illustrates  the  main 
dimensions  ar-  ieslgn  features  of  the  test  frame.  The  torsion  rod 
now  used  Is  1/8  Inch  In  diameter,  22  Inches  long,  and  Is  mounted 
vertically  and  held  fixed  at  both  ends.  A  small  fitting  Is 
clamped  on  the  rod  at  mld-polnt  and  carries  two  threaded  3/32 
inch  diameter  shafts  for  mounting  the  models  such  that  the  tor¬ 
sional  oscillation  of  the  central  rod  imparts  the  model  motion 
under  Investigation. 

For  symmetry,  two  Identical  models  mounted  on  opposite 
arms  are  used  unless  the  motion  Is  about  an  axis  of  symmetry  in 
which  case  a  single  model  would  be  attached  directly  to  the 
torsion  shaft  at  mld-polnt.  In  other  words,  the  center  of  gravity 
of  the  model  system  Is  made  to  coincide  with  that  of  the  torsion 
rod.  The  dimensions  of  the  test  frame  were  chosen  so  that  It 
can  be  conveniently  Immersed  In  a  tank  containing  water  or  some 
other  convenient  liquid  such  as  gasoline  (p  •  0.734  gm/cm^). 
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A  flinall,  linear  variable  differential  transformer 
(Shaevltz)  la  used  aa  a  transducer  to  pick  up  the  oscillations. 

The  coll  Is  mounted  In  a  plexiglass  fitting  attached  to  the  top 
member  of  the  teat  frame  while  the  core  Is  mounted  on  another 
plexiglass  fitting  attached  to  the  crossarm  fitted  to  the  tor¬ 
sion  rod  near  the  top  aa  shown.  Means  are  provided  for  Initially 
centering  the  core  of  the  transducer.  The  transducer  Is  mounted 
near  the  upper  end  of  the  torsion  rod  so  that  It  Is  just  above 
the  Immerjlon  level. 

Figure  4-2  is  a  photograph  of  the  test  frame  showing 
the  transducer  and  a  pair  of  circular  discs  as  models.  Figure  4-3 
Illustrates  In  addition  the  amplifying,  reooz*dlng,  and  timing 
equipment  used.  This  consists  of  a  Brush  Strain  Analyser  model  BL-310, 
a  two  channel  Brush  pen  recorder,  a  variable  frequency  oscillator, 
and  a  Cathode  Ray  oscilloscope. 

So  far  the  reservoir  tank  of  the  water  analogy  facility 
has  been  xised  for  the  tests  in  water. 


3.1.4  Theory 

The  period  of  oscillation  of  a  stretched  wire  held  at 
both  ends  as  shown  In  Fig  4-1  and  subjected  to  torsional  oscil¬ 
lation  Is  given  by  (Ref  6) 


(4.1) 


where  K  >  torsional  constant  of  the  wire 

I  ■  effective  moment  of  Inertia  of  the  cross  arm 
auid  parts  attached  to  it 
b  >  damping  factor  due  to  the  liquid. 

The  quantity  b/2l  can  be  determined  experimentally  for  the  liquid 
used.  If  the  experimental  parameters  are  arranged  In  such  a  way 
that  b^/4l^  Is  very  much  smaller  than  K/I,  then  the  term  b^/4l^ 
may  be  neglected  and  Eqn  (4.l)  may  be  simplified  to 

i 


T  fif  2r 


I 

K 


(4.2) 
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Zf  tests  for  a  given 
In  a  liquid,  then 


model  arrangement  are  oonduoted  In  air  and 


(4.3) 


and 


(4.4) 


The  virtual  moownt  of  Inertia  of  the  entire  oscillating  member 
due  to  the  liquid  Is  given  byt 


I 


1  “ 


(4.5) 


If  the  virtual  moment  of  Inertia  of  the  system  without  the  models 
attached  la  Ig,  then  the  virtual  moment  of  Inertia  of  the  model 
system  alone  will  be  given  by 

-  II  -  I.  -  I,  -  -  T.8)  -  I,  (4.6) 

In  the  case  of  a  symmetric  arrangement  of  two  models 
as  shown  In  Figure  4-1,  the  virtual  moment  of  Inertia  of  each 
stodel  will  be  one  half  that  given  by  Bqn  (4.6). 

Experimentally,  therefore.  It  Is  only  necessary  to 
masure  the  period  of  oscillation  of  the  whole  system  In  air  (T  ), 

In  liquid  (T^),  the  period  of  oscillation  of  the  system  In  liquid 
but  without  the  models  attached  (T  ),  and  the  torsional  constant 
of  the  cone  K.  The  latter  may  be  obtained  by  a  separate  experiment. 

Since  the  virtual  moment  of  Inertia  Is  directly  propor¬ 
tional  to  the  density  of  the  liquid,  the  values  obtained  can  be 
expressed  for  s<»e  other  fluid  of  specified  density. 


^.1.5  Proposed  Work 

In  the  next  reporting  period,  the  experimental  parameters 
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tuoh  as  torsion  constant  and  modal  slss  will  fix*st  be  optlBd.8sd. 
Next,  some  standard  body  shapes  will  be  tested  and  the  experi¬ 
mental  results  obtained  will  be  compared  with  the  predictions  of 
theoretical  analysis  and  available  experimental  data. 

When  satisfactory  agreement  Is  achieved  between  theory 
and  experiment,  tests  with  rigid  canopy  models  of  the  circular 
flat,  ribbon,  and  ribless  guide  surface  parachutes  will  be 
conducted. 

It  is  also  proposed  to  Introduce  certain  modifications 
and  refinements  to  the  test  apparatus  and  experimental  techniques. 

3.g  Wind  Tunnel  Investigation  of  Parachute  Models 

The  final  draft  of  the  technical  report  entitled 
"Stability  and  Drag  of  Parachutes  with  Varying  Effective  Porosity" 
has  been  submitted  to  the  Procuring  Agency  for  approval. 

Notet  The  effective  porosity  studies  of  common  parachute 

cloths  previously  reported  under  this  project  are  now 
presented  together  with  effective  porosity  studies  on 
ribbon  and  grid  configurations  under  Project  13, 
"Effective  Porosity  Studies." 
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PIO  4-3.  TEST  FRAME  AND  SUPPORTINO  OEST  EQUIPMENT. 


Project  No  7 


4.0  Theoretical  Study  of  Supersonic  Parachute  Phenomena 

4.1  Introduction 

This  study  has  analyzed  the  behavior  of  conventional 
parachutes  In  supersonic  flow  In  the  wind  tunnel  and  by  means  of 
the  water  analogy.  Based  on  this  analysis,  a  superconic  decelera- 
tor  was  conceived  which  utilizes  a  pressure  reducing  "spike  "  In 
connection  with  a  solid  cloth  canopy. 

Progress  Reports  Nos  l8  and  19,  Project  No  10,  presented 
results  of  initial  attempts  to  use  the  same  concept  In  a  combina¬ 
tion  which  Includes  a  ribbon  parachute  canopy.  Since  this  Investi¬ 
gation  Is  so  closely  connected  to  the  study  of  the  original  form 
of  the  spiked  parachute.  It  has  been  decided  to  present  the  two 
parallel  Investigations  together  under  this  project. 

The  work  done  during  this  reporting  period  will  be 
reported  In  the  following  phases ; 

a)  Supersonic  wind  tunnel  studies  of  flexible  spiked 
parachutes 

b)  Pressure  distribution  studies  on  spiked  parachutes 
In  supersonic  flow 

c)  Supersonic  wind  tunnel  studies  of  spiked  ribbon 
parachutes . 

4.2  Supersonic  Wind  Tunnel  Studies  of  Flexible  Spiked 
Parachute 

4.2.1  Past  Work 

Rigid  models  of  the  spiked  parachute  have  been  found 
stable  In  wind  tunnel  tests  at  Mach  numbers  of  1.14,  2.0,  and 
3.0,  both  with  and  without  suspension  lines.  Progress  Reports 
Nob  17,  l8,  and  19  reported  results  of  tests  on  configurations 
with  textile  canopies. 
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Zn  th«  early  tests  with  flexible  canopies »  both  the 
aode.T  and  the  tunnel  suspension  system  suffered  aeohanioal  damage^ 
prompting  design  of  a  new  tunnel  suspension  system  and  a  deploy¬ 
ment  device.  Ihese  systems  have  proven  satisfactory.  Damage  to 
the  models  was  reduced  through  the  use  of  heavier  NZL-C-8021A, 

Tjrpe  II  nylon  cloth  (300  Ib/in),  elimination  of  wire  rings  in  the 
canopy,  and  improvement  of  the  suspension  line  connections. 

4.2.2  Continuation 

Tests  have  been  continued  diu*ing  the  present  reporting 
I>eriod  on  the  spilced  parachute  with  flexible  canopy.  During  the 
early  part  of  the  period,  models  continued  to  suffer  damage  to 
their  sxaspension  system.  However,  it  is  felt  that  this  problem 
has  now  been  eliminated  through  the  use  of  a  cone  caist  from  poly¬ 
styrene  foam,  which  is  much  lighter  and  more  z^esilient  than  the 
materials  previously  used.  As  shown  in  Fig  7-1,  the  polystyrene 
foam  is  molded  within  a  nylon  cloth  cone  to  which  the  suspension 
lines  have  been  previously  sewn.  Using  this  modified  cone  and 
suspension  system,  fifteen  tests  have  been  made  with  nearly  75fi  of 
the  models  recovered  undamaged. 

^e  use  of  a  lighter  cone  was  also  prompted  by  the  fact 
that  the  canopy  and  cone  tended  to  oscillate  during  testing  as 
independent  bodies  in  a  two -mass  system.  Thus  the  lighter  cone 
has  solved  this  problem  of  dynamic  balance  while  simultaneously 
reducing  greatly  the  number  of  suspension  line  connection  failures. 

During  this  reporting  period  a  new  deployment  method 
was  used.  As  shown  in  Pig  7-2,  the  system  Includes  a  basket  which 
holds  the  cone  aurid  the  reefed  canopy.  After  the  flow  in  the 
tunnel  is  established,  the  basket  is  slipped  off  from  the  deoelera- 
tor  through  a  downstream  movement. 

Plgture  7-3  presents  sequences  of  Schlieren  photographs 
taken  at  intervals  from  a  test  of  a  model  with  a  polystyrene  foam 
cone  idiich  was  deployed  as  described  above.  As  seen,  the  model 
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was  fully  inflated  dxArlng  the  test  run  lasting  30  seconds.  Tt\e 
Tnaxlmum  amplitude  of  oscillation  was  ±  10*. 

4.2.3  Proposed  Work 

Supersonic  wind  tunnel  tests  will  be  continued  to  further 
Improve  the  structural  strength  and  to  establish  optimum  geometry 
of  the  spiked  parachutes.  A  number  of  runs  will  be  made  with  the 
intent  to  validate  the  encouraging  results  of  the  experiments 
described  above. 

4.3  Pressure  Distribution  Studies  on  Spiked  Parachutes  in 
Supersonic  Plow 

Progress  Report  No  19  presented  results  of  pressure 
distribution  studies  on  models  of  the  spiked  parachute  at  Mach 
3.0.  Figure  7-9  of  that  report  showed  a  model  to  measure  the 
pressure  distribution  throughout  the  wake  area  of  the  cone. 

This  model  has  now  been  tested,  and  the  meaisurements 
reduced  to  coefficient  form  as  described  In  Progress  Report  No  19, 
Sec  4.3.  The  results  are  presented  In  Table  7-1  and  schemati¬ 
cally  In  Pig  7-4,  together  with  the  pressure  distributions  on  the 
canopy  and  the  base  of  the  cone  which  were  determined  previously. 

During  the  next  reporting  period  the  pressure  distribu¬ 
tion  models  will  be  tested  at  Mach  2.0.  Also,  the  models  will 
be  tested  at  Mach  2.0  and  3.0  with  a  forebody  in  oi»der  to 
Investigate  Its  Influence  upon  the  pressure  distribution  of  the 
spiked  parachute. 

4.4  Supersonic  Wind  Tunnel  Studies  of  Spiked  Ribbon 
Parachutes 

4.4.1  Introduction 

In  view  of  the  success  of  the  above  spiked  parachute, 
it  appears  that  the  "spike”  concept  might  be  applicable  to  ribbon 
parachute  canopies.  As  a  first  step  In  this  Investigation,  an 
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«xt*Mivt  ■•rlM  of  Mittr  analogy  toata  waa  oonduotad  on  two* 
diatnaicmal  liodala  of  apllwd  ribbon  paraohute  configurations  as 
raportad  in  Prograas  Raport  No  18,  Project  10.  Based  on  these 
studies «  rigid  «odala  with  gaoMtric  poroaitiaa  of  20,  25,  and  30 
percent  distributed  evenly  over  the  canopy  were  constructed  as 
shown  in  Progreaa  Report  No  19«  Riga  10-4  through  10-6.  Design 
details  of  a  typical  nodal,  together  with  nomenclature,  are  given 
in  Fig  7-5*  ^e  nodels  are  shown  in  Pig  7-6. 

4.4.2  Teats 

The  rigid  BK>del8  above  have  been  tested  in  a  supersonic 
wind  tunnel  at  Nach  3*0.  The  test  arrangement  is  shown  In  Pig 
7-7*  During  each  test  run,  the  stability  is  observed  visually 
and  recorded.  Also,  high  speed  Schlieren  movies  are  made  of 
each  test.  The  cone  is  then  moved  to  a  new  H/D^  position  and 
the  test  is  repeated.  Thus  the  cone  standoff  distance  Is  varied 
over  the  desired  range  for  each  model. 

In  order  to  Investigate  the  effect  of  cone  size,  models 
were  tested  with  34*  half  angle  cones,  first  with  a  base  diameter 
d  of  of  the  canopy  Inlet  dlaiseter  ("small”),  and  then  with 
a  bMe  diameter  of  of  the  Inlet  diameter  ("large").  All  con¬ 
figurations  tested  are  listed  In  Table  7-2. 

4.4.3  Results 

The  criteria  for  the  degree  of  stability  In  the  rigid 
tests  Is  a  combination  of  the  amplitude  of  vibration  and  the 
steadiness  of  the  shock  patterns  as  determined  from  analysis  of 
the  Schlieren  movies.  Stability  of  each  configuration  Is  noted 
In  Table  7-2.  The  following  general  trends  were  found: 

a)  As  the  porosity  of  the  canopy  wsis  Increased, 

overall  stability  of  the  flow  pattern  Increased, 
especially  In  the  region  between  the  base  of  the 
cone  and  the  canopy 
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b)  As  the  distance  from  the  cone  to  the  canopy 
ims  inoreasedf  stability  of  the  flow  pattern 
decreased 

o)  The  models  with  the  small  cones  were  more  stable 
than  corresponding  configurations  with  the  large 

cones . 

Pigure  7-6  shows  the  oharaoteristlo  flow  pattern  for  the  configure 
tion  which  has  so  far  displayed  the  best  stability.  Pigure  7-9 
presents  a  sequence  firom  the  sohlleren  movies  which  shows  the 
extreme  instability  of  the  flow  pattern  typical  of  configurations 
with  a  forward  cone  position  and  low  canopy  porosity. 

4,4.4  Pz*oposed  Work 

In  view  of  the  experiments  described  above «  it  appears 
to  be  advisable  to  conduct  experiments  with  models  of  higher 
geometric  porosity  and  with  cone  standoff  distances  of  from 

0.43  to  0.613.  Therefore,  a  model  with  a  geometric  porosity  of 
40  percent  has  been  designed  and  fabricated  as  shown  in  Pigs  7-6 
and  7-10.  If  satisfactory  results  are  obtained.,  a  aeries  of  pres¬ 
sure  distribution  studies  will  be  made. 
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TEST  RUNS  FOR  MACH 


100  LBi  NYUON 


m  m 

iB  (»  (B  (9 
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9  (9  <B  9 
<B  9  <B  <9 

<9  <B  9  9 
9  9  9  9 
9  9  9  9 

9  9  9  9 
9  9  9  9 

Pia  7-3.  PUXIBLB  SPIKED  PARACHUTE  AT  MACH  3.0. 

300  LB/IN  Nylon  Canopy,  Polystyrene  Poam  Cone. 

H/t)^  =  0.68,  •  0.90,  1/D^  «  0.35 

(  Sequence  Taken  at  Intervals  Over  Entire  Test  Run) 


FIG  7-4.  SCHEMATIC  PRESSURE  COEFFICIENT  DISTRIBUTION 
ON  RIGID  SPIKED  PARACHUTE  MODEL  (WITHOUT  SUS¬ 
PENSION  LINES) 


FIG  7- 5. WORKING  DRAWING  OF  SPIKED  RIBBON  PARACHUTE 


PIG  7-6.  RIGID  HODBLS  OP  SPIKED  RIBBON  PARAi 


'4un.. 


STING  MOUNTED  IN 
SUPPORT  STRUT - 


MODEL  OF  SPIKED 
RIBBON  RN^HUTE  - 


STRUT  MOUNTED  TO 
WIND  TUNNEL  FLOOR 


FIG  7-7  TEST  ARRANGEMENT  FOR  RIGDLY  MOUNTED  MODELS 


PIG  7-8.  STABLE  RIGID  SPIKED  RIBBON  PARACHUTE 
AT  MACH  3.0. 

H/D^  =  0.51>  0.37j  30^  Porosity 


Fia  7-9.  UNSTABLE  PlfOID  SPIKED  RIBBON  PARACHUIS  AT  MACH  3.0 
H/D^  =  0.73,  d/D  *  0.37,  25%  Porosity 


PARTIAL  SECTION  A -A) 


FIG  7-10.  SPIKED  RIBBON  PARACHUTE 
CONFIGURATION  (40*/o  POROSITY) 


ProJ«ot  No  8 


5.0  Theoretical  Aimlysis  of  the  PynamloB  of  the  Opening 

SiUaLPftHte 

5.1  Analytical  Investigation  of  Parachute  Inflation  Time 
and  Opening  Force 

No  work  has  been  done  on  this  phase  of  the  investi¬ 
gation  during  this  reporting  period. 

5.2  Sise-Foroe  History  of  an  Inflating  Parachute 
The  objective  of  this  study  is  to  experliMntally 

justify  the  asBUBg)tions  used  in  the  analytical  investigation 
ftbOVft • 

The  first  assuB^tion,  that  the  projected  area  varies 
parabolically  with  tine,  has  been  Justified  for  a  3  ft  nominal 
dlaMSter  circular  flat  parachute  in  the  finite  mass  case.  These 
results  are  presented  in  Progress  Report  No  18. 

As  stated  in  Progress  Report  No  19«  further  tests  were 
■ade  to  investigate  the  secoi^  assumption.,  that  the  drag  coeffi¬ 
cient  remains  constant  during  the  opening  process.  The  data 
from  these  tests  has  now  been  reduced.  However «  it  was  found 
that  further  refinements  in  the  testing  apparatus  were  necessary. 

These  corrections  have  been  made,  and  wind  tunnel 
else -force -tine  studies  will  be  resumed  on  BUKiels  of  circular 
flat  and  10)l(  flat  extended  skirt  parachutes  as  soon  as  a  high 
speed  movie  camera  is  available. 

5.3  l>rag  Studies  on  Reefed  Canopies 

An  extensive  wind  tunnel  study  of  drag  of  reefed 
canopies  has  been  made,  and  the  data  has  been  reduced.  These 
results  are  presently  being  analysed  and  will  be  presented  In 
the  next  progress  report. 
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Project  No  9 


6.0  Statietioal  Anelysla  of  Extraction  Time.  Deploywent 

Time.  Opening  Time,  and  Drag  Coefficient  for  Aerial 
Delivery  Parachutes  and  Syatema 

The  second  dz^ft  of  the  technical  report  for  this  pro¬ 
ject  has  been  completed  and  Is  currently  being  reviewed. 


43 


Projtot  No  10 


7.0  atttdy  of  BmIo  Prinolploa  of  Now  P4r«ohutea  and 

Rot>rd>tion  Dovloos 

In  the  last  two  progress  reports «  this  project  has  been 
oonoemed  with  the  investigation  of  the  spike -ribbon  parachute 
ooablnatlon.  However,  since  this  investigation  is  so  closely 
connected  with  the  study  of  the  spiked  parachute  which  is  pre¬ 
sented  under  Project  No  t,  the  spiked  ribbon  parachute  study  will 
now  also  be  presented  under  that  project. 
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Project  No  12 


8.0  Qlldlng  AerodyiiMiio  Decelerator 

iJL  Introduction 

The  objective  of  this  study  Is  to  develop  a  self- 
Inflating  aerodynamic  decelerator  which  has  a  lift  to  drag  ratio 
of  2.  Pursuit  of  this  objective  Involves  investigation  of  pre¬ 
sent  aerodynamlcally  unstable  parachutes  and  conventional  steer¬ 
able  parachutes  as  well  as  new  concepts  in  parachute  design. 

The  forces  and  coordinates  for  a  gilding  parachute  are 
shown  In  Pig  12-1.  We  see  that  for  L/D  •  2«  the  auigle  of  attack 
of  the  parachute  is 

oc  •  tan“^  L/D 
m  tan"^  2 

-  63.5*. 

Thus  the  parachute  would  glide  at  an  angle  of  26.5*  to  the  hori¬ 
zon  during  descent. 

8.2  Experiments 

6.2.1  Conventional  Steerable  Parachutes 

During  this  reporting  period  several  models  of  unsym- 
metrical  parachutes  were  tested  in  the  open  test  section  of  the 
subsonic  wind  tunnel  (Pig  12-2)  or  were  dropped  from  low  levels 
outdoors  in  still  air  in  order  to  establish  their  stable  angle 
of  attack.  The  test  section  velocity  in  the  wind  tunnel  tests 
varied  from  17  to  25  ft/sec,  while  the  vertical  velocity  in  drop 
tests  was  approximately  13  ft/sec.  The  results  of  these  tests 
are  as  follows : 

a)  A  26  inch  nominal  diameter  circular  flat  canopy 
with  two  double -sized  slanted  and  five  straight 
personnel  guide  surface -type  extensions  shown 
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in  Fig  12-3  WM  stable  at  6*  ^  2*  angle  of  attack^ 
giving  a  glide  angle  with  the  horlson  of  approxi- 
■ately  84* 

b)  A  70  inch  nominal  diameter  MC-1  extended  skJrt 
canopy  modified  with  diametrically  opposite  slanted 
and  vented  extensions  shown  In  Pig  12-4  exhibited 

a  stable  angle  of  attack  In  drop  tests  of  21.3*"# 
giving  a  glide  angle  with  the  horizon  of  68.3* 

c)  A  26  inch  nominal  diameter  T-10  extended  skirt 
canopy  modified  with  an  unsymmetrlcal  arrangement 
of  personnel  guide  surface-type  extensions  shown 
In  Pig  12-5  was  stable  at  12*  +  giving  a  glide 
angle  with  the  horizon  of  78®  +  3® 

d)  An  unsymmetrlcal  parachute  with  the  gore  pattern 
shown  In  Pig  12-7  was  stable  at  38®  +  3®  angle 
of  attack  as  shown  in  Pig  12-6,  thus  giving  a 
glide  angle  with  the  horizon  of  32®  +  3*;  however, 
full  Inflation  could  not  be  maintained  In  the  test 
section  as  shown  In  Pig  12-6. 

Ve  see  that  none  of  these  parachutes  achieve  a  glide  angle  of 
26.3  degrees  with  the  horizon.  Further  existing  glide  parachutes 
will  be  studied  aus  soon  as  models  or  other  pertinent  information 
Is  obtained. 

8.2.2  Conceived  Gliding  Parachute 

Progress  Report  No  I8,  Sec  9.3* 3*  reported  that  the 
desired  glide  angle  has  been  achieved  in  the  wind  tunnel  using 
balsa  wood  models  modified  with  Plastilina  modelling  clay. 

During  this  reporting  period  the  most  favorable  of  those  models, 
a  modified  10J<  extended  skirt  canopy  (T-IO)  was  further  modified 
as  shown  in  Pigs  12-8  and  12-9  In  an  attempt  to  achieve  a  con¬ 
figuration  which  could  be  fabricated  from  non-rigid  materials. 

Tkte  two  proposed  shapes  are  similar  with  the  exception  that 
Model  2  (Pig  12-9)  has  a  cut-out  area  in  the  rear  of  the  canopy. 
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f02«lng  an  exhaust  jet  area.  Theae  models  were  oona true ted  of 
balsa  wood  and  Plastlllna  and  tested  in  the  wind  tunnel  as  shown 
In  Plgil2-10  and  12-11.  Results  are  as  follows i 

a)  Model  1  (Fig  12-6)  was  stable  at  48^  angle  of 
attack,  giving  a  glide  angle  with  the  horizon  of 
42* 

b)  Model  2  (Fig  12-9)  achieved  a  stable  angle  of 
attack  of  36*,  giving  a  glide  angle  with  the  hori¬ 
zon  of  34*. 

It  can  be  seen  that  these  models  come  close  to  the  required  glide 
angle. 

An  attempt  was  made  to  construct  flexible  canopies 
with  the  shape  of  Model  2.  Although  these  canopies  were  only 
approximately  the  desired  shape.  It  was  hoped  to  obtain  prelimin¬ 
ary  Information  about  the  stable  angle  of  attack.  The  first 
model  was  made  from  paper,  and  was  approximately  I8  inches  in 
diameter.  IHls  model  achieved  a  stable  glide  angle  against  the 
horizon  of  27**  A  second  model  the  same  size  was  made  from  nylon 
cloth  with  a  nominal  porosity  of  90  ft^/ft^-mln.  This  model  was 
stable  at  43"  angle  of  attack,  giving  a  glide  angle  of  47®. 

In  order  to  obtain  accurate  gore  patterns  for  the  above 
models,  a  24  Inch  nominal  diameter  10^  extended  skirt  canopy  was 
formed  from  wood.  This  basic  model  is  being  fitted  with  ribs 
of  the  desired  shape  as  shown  In  Fig  12-12.  From  this  model.  It 
will  be  possible  to  obtain  gore  patterns  of  the  proposed  gliding 
parachute.  This  will  be  done  during  the  next  period,  and  textile 
models  of  the  proposed  decelerator  will  be  built  and  tested  In 
the  wind  tunnel. 
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FIG  12-1.  FOf?CES  AND  COORDINATES  FOR  A 
GLIDING  WVRACHUTE 


FIG  12-2.  WIND  TUNNEL  TEST  ARRANGEMENT 


Pia  12-3.  26  INCH  NOMINAL  DIANEIER  CIRCULAR  FLAT  PARACHUTE  MODIFIED  WITH 

EXTENSIONS  IN  WIND  TUNNEL. 


PIO  12-4.  70  INCH  NOMINAL  DIAMETER  MC-i  EXTENDED  SKIRT  CANOPY  MODIFIED  WITH 

EXTENSIONS  IN  DROP  TEST. 


PIG  12-6.  UNSYMMETRIC<iL  PARACHUTE  IN  WDJD  TUNNEL.  INFLATION  NOT  MAINTAINED. 


SUSPENSION 


FIG  12“ 7.  UNSYMMETRICAL  PARACHUTE  GORE  PATTERN - 32  INCH  NOMINAL  DIAMETER 


MATERIALi  BALSA  »MOOO 


FIG  12-e.  MODEL  1- GLIDING  PARACHUTE  MODIFIED  FROM  10V.  EXTENDED  SKIRT  PARACHUTE 


MATERIAL:  SHEET  METAL  V^32'tHICK 


FIG12-9.  MODEL  2-GLIDING  PARACHUTE  MODIFIED  FROM  10V.  EXTENDED  SKIRT  PARACHUTE 


Fia  12-ii.  MOCEL  -  MODIFipjj  T-i-  EXTEJ-DED  SKIRT  CANOFY  IN  WIND  TUNNEL. 


FIS  iJ-lS,  24  INCii  NOMINAL  DIAMETER  lOSS  EXTENDED 

SKIRT  CANOFY  FOR  Or-TAINIKJ  GORE  PATTERN 
OF  GLIDING  PARACHUTE. 


Project  No  13 


Q.O  Effective  Porosity  Studies 

Note:  This  project,  which  was  formerly  titled  "Ribbon 
Orlde  for  Supersonic  Plow,**  now  Includes  also  the 
effective  porosity  studies  of  parachute  cloths  which 
wore  previously  presented  under  Project  No  4. 

9.1  Parachute  Cloths 

9.1.1  Introduction 

Porosity  studies  of  four  connnon  parachute  cloths  for  sub- 
critical  px*essure  ratios  and  altitudes  above  30,000  ft  have  been 
presented  previously.  Progress  Report  Nos  16  and  I8  gave  details 
of  a  facility  which  was  capable  of  extending  the  test  range  for 
cloths  over  a  density  range  of  0.10  <  c  1  and  a  pressure  ratio 
range  of  O.05  <  ApAPcx*^  2.0. 

In  the  course  of  experimentation,  it  was  found  that  the 
shape  and  size  of  the  cloth  specimen,  as  well  as  the  particular 
piece  of  cloth  tested.  Influenced  significantly  the  test  results. 
Also,  the  cloth  stretched  and  slipped  In  the  test  holder.  Intro¬ 
ducing  elasticity  effects  and  a  variation  in  sample  area  during 
testing. 

9.1.2  To  investigate  the  effects  of  these  mechanical  details, 
a  new  set  of  standard  test  sdmples  was  constructed.  A  sample  of 
each  cloth  was  bonded  with  epoxy  resin  to  a  2  inch  internal  dia¬ 
meter  brass  ring  as  shown  in  Fig  13*1 •  The  circular  shape  pro¬ 
vides  the  minimum  stress  in  the  cloth  for  any  given  pressure, 
thereby  also  reducing  the  elasticity  effects.  Bonding  the  samples 
permanently  to  the  ring  eliminates  slippage,  and  the  corresponding 
area  variations. 
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fhdftQ  b«eft  tested  over  tht  deM 

and  pressure  ranges  specified  above.  All  pressure  measurements 
were  made  with  U-tube  manometers  containing  fluids  with  specific 
gravities  ranging  from  0.8l  to  13.5)  in  order  to  obtain  maximum 
sensitivity  for  all  pressure  ratios. 

9.1.3  Results 

Approximately  four  tests  of  each  sample  were  made  at 
constant  downstream  o  values  varying  over  the  density  range  speci¬ 
fied  above.  Figures  13-2  through  13-5  present  the  effective 
porosity  C  of  the  four  materials  versus  pressure  ratio 
with  o  as  a  parameter.  These  curves  represent  average  values  of 
the  testa  at  each  o.  The  results  vary  slightly  from  previously 
presented  results  due  to  the  model  effects  mentioned  above. 
However)  established  trends  are  followed.  It  is  seen  that  the 
effective  poroaity  decreases  with  decreasing  o.  With  the  Improved 
experimental  arrangement,  values  in  the  lower  pressure  ratio  range 
appear  to  be  quite  reliable,  and  it  can  be  seen  that  in  general 
the  slope  of  C  versua^pAPer  positive  to  a  certain  point  and 
then  becomes  negative.  This  seems  to  Indicate  that  the  air 
resistance  of  the  cloth  Increases  as  the  Reynolds  number  increases 
until  the  compressibility  effects  become  more  Influenclal,  and  the 
effective  porosity  then  decreases  with  a  further  Increase  of  the 
differential  pressure. 

The  preceding  test  results  are  merely  a  validation  of 
earlier  experiments  and  may  be  considered  as  a  check  and  a  refine¬ 
ment  of  previous  information.  Notification  will  be  given  if 
significant  new  findings  should  occur.  The  further  research  will 
proceed  on  a  relatively  low  priority  basis. 

9.2  Ribbon  Qrld  Configurations 

Progress  Report  No  19  presented  results  of  a  aeries  of 
effective  porosity  tests  of  parallel  ribbon  configurations  at 
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^nyloa  pttjfdiiy- deter- 
mine  the  effects  of  the  deformation  of  the  textile  models. 

3>uring  this  reporting  period,  effective  porosity  teste 
were  made  on  a  series  of  ribbon  grid  configuration  fabricated 
from  steel  shim  stock.  A  typical  model  laiyout  of  these  configura¬ 
tions  is  shown  in  Pig  13-6.  Figure  13-7  shows  several  steel  and 
nylon  ribbon  grid  models.  All  models  have  a  geometric  porosity 
of  25J^.  Configuration  changes  were  made  by  varying  the  Included 
angle  e  between  the  ribbons,  with  values  of  90,  75,  60,  45,  30, 
and  15  degrees  chosen.  Also  included  in  this  test  series  is  a 
model  with  parallel  ribbons  3/B  inch  wide. 

A  corresponding  set  of  models  has  been  fabricated  from 
N1L-R->5606B,  Class  B,  1/4  inch  wide  nylon  ribbon.  Effective  poro¬ 
sity  tests  have  also  been  made  on  these  models,  together  with  a 
sequence  of  photographs  showing  simultaneous  front  and  side  views 
of  the  model  during  the  test  run.  However,  data  reduction  and 
evaluation  on  these  tests  has  not  been  completed. 

Figure  13-8  presents  the  effective  porosity  of  the  seven 
steel  configurations  as  a  function  of  pressure  differential  at 
sea  igveJ  tienelty.  These  curves  present  average  values  from  two 
or  more  runs .  It  can  be  seen  that  the  shape  of  the  grid  as 
expressed  in  the  Included  angle  has  a  definite  effect  on  the 
effective  porosity.  Furthermore,  the  effective  porosity  decreases 
with  increasing  differential  pressure,  somewhat  similar  to  those 
observed  In  the  studies  of  solid  cloth  samples. 

During  the  next  reporting  period,  data  reduction  and 
evaluation  of  the  tests  on  the  nylon  ribbon  grid  models  will  be 
completed,  with  emphasis  placed  on  determining  the  effect  of  the 
deformation  on  the  effective  porosity.  Also,  all  steel  and  nylon 
parallel  ribbon  and  ribbon  grid  models  will  be  tested  at  density 
xmtlos  o  <  1. 
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FIG  13-1.  STANDARD  TEST  SAMPLES  OP  PARACHUTE  CLOTHS  FOR  EFFECTIVE  POROSITY  STUDIES 
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nGl3^  TYRCAL  DESIGN  OF  RIBBON  GRID 
CONFIGURATION  MODEL  FOR  EFFECTIVE 
POROSITY  STUDIES 


Project  No  14 


10.0  Study  of  Plow  Pettema  of  Aerodynamic  Pcclerators  by 

Kaanfl  of  the  Siirfaoe  Wave  Analogy 

10.1  Introduction 

Progress  Report  No  19  reported  the  completion  of  the 
final  assembly  and  sealing  of  the  water  channel «  the  assembly 
and  Initial  testing  of  a  shadowgraph  ar^d  Schlleren  system,  and 
the  development  of  a  simple  experimental  technique  for  obtaining 
the  water  depth  profile  around  the  models. 

10.2  Present  Work 

10.2.1  levelling  and  Final  Alignment 

The  two  hydraulic  Jacks  used  to  obtain  a  longitudinal 
slope  of  the  channel  were  adjusted  until  the  glass  channel  floor 
was  horizontal.  This  was  checked  by  ensuring  the  uniformity  of 
the  placid  water  depth  throughout  the  channel  using  the  micro¬ 
meter  depth  gage  as  Indicated  In  Progress  Report  No  19.  Two 
gunners '  quadrants  obtained  from  government  surplus  Ker>e  mounted 
on  the  table  near  the  hydraulic  Jack  supports  and  adjusted  to 
zero  when  the  channel  floor  was  horizontal.  In  order  to  set  the 
channel  to  any  desired  slope  to  correspond  to  the  desired  Proude 
number  (simulating  the  Nach  number).  It  is  now  only  necessary  to 
set  the  two  quadrants  to  the  desired  elevation  and  operate  the 
hydraulic  Jacks  until  the  level  gages  of  the  quadrants  are 
centered . 

Next,  the  carriage  guide  rails  were  realigned  to  be 
parallel  to  the  glass  surface.  This  was  done  by  means  of  an 
Anes  dial  gage  mounted  on  the  triangular  stand  of  the  micrometer 
depth  gage.  The  guide  rails  were  adjusted  to  be  parallel  to  the 
glass  surface  near  the  corresponding  side  of  the  table  to  within 
iP.CX)l  Inch. 
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Finally  tha  tranaverae  beam  of  the  carriage  waa  checked 
for  paralleliam  with  the  glaaa  aurface  and  adjuated  by  meana  of 
ahima  to  be  within  j:P.003  inch, 

10,2.2  Nozzle  Plate  Stiffening 

It  waa  obaerved  that  the  32  inch  wide,  1/4  inch  thick 
aluminum  alloy  nozzle  plate  tended  to  aag  near  the  middle.  In 
addition,  it  tended  to  vibrate,  producing  pulaationa  in  the  water 
flow.  Theae  undealrable  effecta  were  greatly  reduced  by  atlffen- 
ing  the  nozzle  plate  uaing  two  4  inch  by  1  1/8  inch  aluminum  alloy 
angle  aectiona  bolted  to  the  nozzle  plate  along  the  centerline 
and  perpendicular  to  it  near  the  dia charge  end. 

10.2.:^  Inatruraentatlon 

10.2.3.1  Shadowgraph  Syatem 

The  deaign  of  the  ahadowgraph  ayatem  waa  finalized  and 
ia  ahown  diagranmatlcally  in  Fig  14-1.  The  light  aource  unit 
conaiata  of  a  130  watt  elide  projector  lamp  with  attached  reflector, 
a  condenaing  lena  syatem,  and  an  irla  diaphragm;  theae  components 
are  mounted  Inside  a  rectangular  housing  located  under  the  glass 
floor  of  the  test  section.  Cooling  air  for  the  lamp  la  circulated 
by  a  3  inch  motor  driven  fan  inside  the  housing.  The  light  beam 
passes  through  the  iris  diaphragm  and  is  reflected  vertically 
upwards  by  a  43®  first  aurface  mirror.  A  l4  inch  diameter,  14  inch 
focal  length  Fresnel  lens  located  directly  under  the  test  section 
is  used  to  produce  a  parallel  beam  of  light  through  the  test 
section.  The  shadowgraph  image  is  formed  on  a  frosted  glass 
screen  mounted  horizontally  above  the  model,  on  a  frame  attached 
to  the  model  carriage. 

This  image  cam  be  viewed  directly  or  photographed  by 
still  or  movie  cameras. 

10.2.3.2  Schlleren  System 

The  design  of  the  Schlleren  system  was  Integrated  with 
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that  of  the  shadowgraph  to  enable  a  quick  change  over  from  one 
system  to  the  other.  As  shown  diagranmatlcally  in  Fig  14-1,  the 
Sohlleren  system  shares  the  same  light  source >  43*  mirror  and 
Fresnel  lens  located  underneath  the  channel  test  section,  but 
the  horlsontal  viewing  screen  directly  above  the  model  Is  removed 
and  an  optical  assembly  consisting  of  another  Fresnel  lens  Identi¬ 
cal  to  the  first  one,  a  rotating  and  adjustable  knife  edge 
assembly,  lens,  and  turning  prism  are  mounted  In  Its  place. 

The  parallel  light  beam  through  the  test  section  Is  condensed 
by  the  second  Fresnel  lens  and  Impinges  on  the  knife  edge.  Is 
turned  90*  by  the  prism  and  la  then  projected  onto  a  frosted 
glass  screen  mounted  vertically  In  a  frame  attached  to  the 
carriage.  Figure  l4-2  Is  a  photograph  of  the  general  arrange¬ 
ment  of  the  upper  assembly  of  the  Schlleren  system,  and  shows 
the  Sohlleren  Image  of  a  diamond  airfoil  projected  on  the  view¬ 
ing  screen.  Figures  14-3  through  14-3  show  various  components 
of  the  shadowgraph  and  Schlleren  systems;  Fig  14-3  Is  a  close-up 
of  the  43*  mirror.  Fig  l4-4  shows  the  top  unit  of  the  Schlleren 
system,  and  Fig  l4-3  Is  a  close-up  of  the  knife  edge  and  prism 
assembly.  This  Is  designed  In  such  a  way  that  the  knife  edge 
can  be  adjusted  fore  and  aft  or  rotated  to  any  angle  with  respect 
to  the  direction  of  flow.  It  Is  also  possible  to  remove  the 
straight  edge  and  substitute  an  Iris  diaphragm  and  use  this  as 
a  circular  knife  edge. 

10.2.3.3  Water  Depth  Probes 

Two  pointed  probes  attached  to  standard  1  Inch  travel 
Asms  dial  gages  were  designed  for  mounting  on  the  traversing 
carriages  as  shown  In  Fig  l4-2.  Preliminary  depth  measurements 
with  these  probes  Indicate  good  repeatability. 

10.2.3.4  Water  Pressure  Probes 

Preliminary  tests  with  a  water  pressure  probe  consisting 
essentially  of  an  Impact  or  pitot  tube  connected  to  a  sdcromanosMter 
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or  an  Inclined  tube  manometer  showed  the  necessity  for  a  careful 
choice  of  the  probe  dimensions.  In  view  of  the  limited  water 
depth  and  the  deslz^  to  obtain  a  good  resolution  from  the  total 
pressure  probe ,  It  Is  necessary  to  use  the  minimum  size  of  head 
consistent  with  accuracy  and  repeatability.  Different  sizes  of 
special  thin  wall  brass  tubing  have  been  procured  and  tests  to 
determine  suitable  probe  configurations  will  be  conducted. 

10.2.3.5  Water  Depth  Profile  Around  Models 

Further  tests  with  the  Bosln  dye  technique  mentioned 
In  the  last  progress  report  were  conducted  using  two  slightly 
different  experimental  procedures.  In  the  first,  the  dye  painted 
model  was  lowered  vertically  in  position  into  the  flowing  water 
until  It  made  contact  with  tne  glass  floor.  In  the  second,  the 
model  was  set  up  in  the  test  section  prior  to  starting  the  flow 
circulation.  In  both  cases,  with  the  Eosln  Alcohol  concentrations 
used,  the  dye  was  quickly  washed  away  from  the  Immersed  portions 
of  the  model  and  a  sharp  water  line  obtained.  Care  was  taken  to 
use  short  test  durations  of  the  order  of  four  or  five  seconds  and 
to  watch  for  any  pulsations  of  the  water  flow  since  the  water 
line  obtained  i^piresented  the  maximum  rather  than  the  time  aver¬ 
age  water  depth  at  that  point.  Further  experiments  may  Indicate 
the  desli^blllty  of  reducing  the  solubility  of  the  dye  to  give 
a  more  repx*e8entatlve  water  depth  distribution. 

Another  dye  technique  with  the  object  of  Indicating 
the  range  of  variation  of  water  depth  at  every  point  during  the 
test  was  tried.  This  method  uses  coloring  agents  which  form  a 
very  thin  colored  film  which  floats  on  the  water  surface  and 
adheres  to  solid  surfaces  partly  immersed  in  it.  However,  tests 
showed  that  the  dye  marked  the  stagnation  point  only,  and  separated 
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from  the  rest  of  the  boundary  surface  and  was  quickly  washed 
away  downstream. 
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lO.a.4  Nodelt 


10.2.4.1  C«llbr®tlon  Model 

The  aoour«te  calibration  of  the  water  channel  involves 
obtaining  detailed  water  velocity  traverses  along  and  across  the 
teat  section  and  calibrating  this  with  respect  to  the  flow  dis¬ 
charge  from  the  pump.  Such  a  detailed  calibration  can  only  be 
done  after  ocmpletlon  of  the  pitot  probes.  Meanwhile,  simulated 
Mach  numbers  can  be  set  by  observing  the  wave  angles  obtained 
with  a  specified  wedge  profile  and  by  checking  the  water  depth 
by  means  of  the  mlcrometrlc  depth  probes.  For  purposes  of 
Initial  calibration,  a  10  Inch  long,  9*  half  angle  symmetrical 
diamond  profile  was  milled  of  solid  aluminum  alloy  eind  polished 
as  shown  In  Pig  7*6,  This  callbz*atlon  model  will  also  be  used 
for  checking  the  Mach  number  distribution  In  the  test  section 
prior  to  the  complete  traversing  with  the  total  pressure  probes. 

10.2.4.2  Model  of  Supersonic  Spiked  Parachute 

A  model  of  the  spiked  supersonic  parachute  proposed  In 
Project  No  7  and  based  on  the  configuration  originally  given  in 
Progress  Report  No  13,  Fig  7*7>  was  designed  and  constructed  as 
shown  In  Fig  l4-6.  The  spike  Is  a  solid  aluminum  alloy  wedge 
of  20*  half  angle,  2  Inches  long  and  2  1/2  Inches  high.  A  3/B 
Inch  diameter,  10  Inch  long  threaded  steel  z*od  Is  screwed  to  the 
base  of  the  wedge  above  the  Imitiersed  section  and  forms  the 
"backbone"  of  the  model.  At  1/2  inch  intervals  along  the  steel 
rod  1/6  Inch  diameter  vertical  holes  are  drilled  to  provide  for 
the  possible  attachment  of  needle  depth  probes  to  determine  the 
water  depth  along  the  centerline  in  the  weke  of  the  spike. 

A  steel  fitting  can  be  scz*ewed  Into  the  threaded  3/8 
Inch  diameter  rod  and  locked  at  any  desired  distance  behind  -the 
spike.  It  carries  a  trmnsverse  plexiglass  plate  to  which  can  be 
attached  by  means  of  Interchangeable  bent  steel  rods,  the  curved 
plates  representing  the  canopy.  The  main  features  of  the  model 


66 


design  adopted  are  basic  simplicity  and  great  flexibility, 
enabling  a  quick  change  of  the  spike  or  canopy  profile  and  a 
wide  range  of  settings  for  the  Inlet  to  outlet  area  ratio  and 
relative  positioning  of  the  canopy  with  respect  to  the  aplke. 
Furthermore,  the  model  design  allows  for  the  possibility  of 
water  depth  probing  at  practically  every  point  of  the  field 
of  interest. 

10.3  Proposed  Work 

In  the  next  reporting  period,  it  Is  proposed  to  conduct 
a  suz*vey  of  the  simulated  flow  Mach  number  in  the  test  section 
by  means  of  wave  angle  and  water  depth  measurement  using  the 
diamond  airfoil  for  calibration  purposes.  Simultaneously, 
repeatability  tests  with  the  Bosin  dye  technique  for  depth 
measurement  will  be  carried  out,  and  attempts  to  formulate  a 
correction  for  surface  tension  effects  will  be  made. 

After  satisfactory  conclusion  of  these  tests,  simulated 
pressure  distribution  tests  on  the  spiked  supersonic  parachute 
model  at  Mach  2  will  be  carried  out.  These  tests  will  be  followed 
by  tests  to  optimize  the  design  of  total  pressure  probes,  and 
these  probes  together  with  the  micrometric  depth  probes  already 
available  will  be  used  in  obtaining  longitudinal  and  transverse 
velocity  traverses  at  different  sections  and  preparing  detailed 
calibration  curves  for  the  water  channel. 

Further  improvements  to  the  water  channel  and  refine¬ 
ments  in  the  experimental  technique  and  instrumentation,  such  as 
the  use  of  a  reference  grid  in  the  test  section  and  improvements 
in  the  flow  visualization  system,  will  be  introduced  when 
circumstances  permit. 
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RG  14-1.  SKETCH  OF  SCHLIEREN  AND  SHADOVVGRAPH 


I 


PIG  14-2.  GENERAL  VIEW  OP  UPPER  COIffONENTS  OP  THE  SCHLIEREN  SYSTEM 


14-3.  .s*  MUIHOR  DSHD  FOR  SHADOWSRAPH  AKD  PIO  14-4  UPPER  OPTICAL  ASSEXBLY  Of  SCHLIEREN 

SCHLIERET.  SYSTERS.  SYSTEM. 


Progress  Report  No  id  presented  an  analytical  methoc 
for  obtaining  the  stress  distribution  over  a  fully  Inflated 
canopy  In  steady  descent,  ^e  method  was  applied  specif Icall: 
to  the  T-IO  extended  skirt  troop  parachute,  but  was  general 
enough  so  that  it  could  be  applied  to  other  types  of  parachut<  : 
with  only  minor  modifications. 

Three  minor  errors  have  been  detected  in  the  method 
presented  in  Progress  Report  No  18,  In  the  definition  of  terr  , 
the  modulus  of  elasticity,  E,  was  defined  dimensionally  as 

O 

Ib/ft  .  This  should  be  Ib/ft.  Secondly,  Pig  l6-8  presented 
a  tabulation  sheet  for  finding  values  of  the  bulge  radius  by 
use  of  Kqn  (l6,13a).  The  equation  was  incorrectly  given  on  th's 
tabulation  sheet,  and  a  corrected  tabulation  sheet  is  presente i 
here  in  Fig  16-1.  Also,  in  Pig  16-10  of  Progress  Report  No  l6 . 
the  decimal  points  in  the  ordinate  axis  for  r*  were  left  out. 
This  should  be  corrected  so  that  r*  ranges  from  0  to  0.40. 

Efforts  are  being  made  to  refine  the  above  analytics; 
method  for  finding  stress  on  a  fully  inflated  canopy.  Some 
simplifications  in  the  use  of  the  theory  for  finding  actual 
numerical  values  of  stress  appear  to  be  possible,  but  these  ar 
not  fully  developed;  these  simplifications  will  be  presented  in 
future  progress  reports .  Also,  efforts  are  being  made  to  exter.a 
the  theory  to  the  more  complex  case  of  finding  the  stress  over 
an  opening  canopy.  These  efforts  will  be  continued  during  the 
next  period. 
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